Mass gathering events in sports arenas create challenges regarding the cardiovascular safety of both athletes and spectators. A comprehensive medical action plan, to ensure properly applied cardiopulmonary resuscitation, and wide availability and use of automated external defibrillators (AEDs), is essential to improving survival from sudden cardiac arrest at sporting events. This paper outlines minimum standards for cardiovascular care to assist in the planning of mass gathering sports events across Europe with the intention of local adaptation at individual sports arenas, to ensure the full implementation of the chain of survival.
Introduction
Mass gathering events in sports arenas create challenges regarding the cardiovascular safety of both athletes and spectators.
The most feared acute cardiovascular event is the occurrence of sudden cardiac arrest (SCA), which could result in sudden death. Sudden cardiac death (SCD) is defined as a 'natural death due to cardiac causes, heralded by abrupt loss of consciousness within 1 h of the onset of acute symptoms; pre-existing heart disease may have been known to be present, but the time and mode of death are unexpected'. 1 The incidence of SCD in the general population (adults .35 years) is estimated to be 1 in 1000 persons per year, 2 while in young people (,35 years of age) the incidence of SCD is 0.3 -3.6 per 100 000 persons per year. 3, 4 Intense physical activity, also in athletes, will carry a higher risk for acute cardiac events, especially in subjects with an underlying cardiovascular disease. 3, 5, 6, 7, 8 On the basis of earlier studies, 9 cardiac screening is recommended in competitive athletes by the European Society of Cardiology, 10 as well as by major sporting bodies such as FIFA and UEFA. The catastrophic consequences and public nature of these events provide compelling reasons to implement effective strategies for emergency management in case of SCA. The assistance to players is potentially rapid and readily accessible. However, spectators also may have an increased risk for SCA during a sports event due to emotional excitation with increased catecholamine-levels during a game that could trigger a coronary event. 11, 12 The viewing of a stressful sports event has been shown to substantially increase the risk of an acute cardiovascular event, 13, 14 although this increased risk has been questioned. 15 Recent studies 16, 17 suggest an incidence of SCA of 1 per 5-600 000 spectators in major European soccer arenas and in one study as high as 1 per 260 000. 18 In addition, at the Barcelona FC Stadium (capacity of 98 260 spectators), a total of seven episodes of acute coronary syndromes were recorded during a singleseason (2000-01). 19 For spectators, more barriers to access may exist to provide a rapid response in case of SCA. At the time of the first heart rhythm analysis, 40% of overall SCA victims have ventricular fibrillation (VF). 20 -22 It is likely that many more have VF or rapid ventricular tachycardia at the time of collapse but, when the first electrocardiogram is recorded, their rhythm has deteriorated to asystole. 23, 24 Many SCA victims could survive if bystanders act immediately while VF is present, but successful resuscitation is unlikely once the rhythm has deteriorated to asystole. 25 The optimum treatment for VF cardiac arrest is immediate bystander cardiopulmonary resuscitation (CPR) plus electrical defibrillation, as outlined in the latest Guidelines for Resuscitation, by the European Resuscitation Council. 26 The 'chain of survival' includes four vital steps needed for successful resuscitation:
(1) early recognition of the emergency and calling for help, activating the local emergency medical services (EMS) or response system; (2) early bystander CPR; (3) early defibrillation; (4) early advanced cardiac life support (ACLS) and postresuscitation care. 24, 26 The major determinant of survival is ultimately the time to defibrillation and should be CPR adequately applied to bridge the gap to defibrillation, with the critical time from onset of a life-threatening arrhythmia to shock delivery being 3-5 min. 26, 27 Historical survival rates from out-of-hospital cardiac arrest are ,5%. Survival following SCA has been greatly improved by public access defibrillation programmes designed to shorten the time interval from SCA to shock delivery. By introducing the 'chain of survival', having trained rescuers in CPR and providing access to early defibrillation, survival from out-of hospital VFs can be considerably increased to .60%.
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Rationale for automated external defibrillators in the public settings
Scientific evidence support the placement of automated external defibrillators (AEDs) as part of a strategic emergency plan in public places hosting large mass events, including sports arenas. 16,18,29 -31 Specifically, public access defibrillation and first responder AED programmes increase the number of victims who receive bystander CPR and early defibrillation, thus improving survival from out of hospital SCA. 32 Lay rescuer AED programmes with very rapid response times in airports, 33 on airplanes, 34 or in casinos, 31 and uncontrolled studies using police officers as first responders, 35, 36 have reported survival rates up to 70%.
Public access defibrillation programmes are most likely to improve survival from cardiac arrest if they are established in locations where witnessed cardiac arrest is likely to occur. 37 Suitable sites have been suggested to include those who by their size carry the probability of cardiac arrest occurring at least once every 2 years. 32 The role of early on-site defibrillation in large public venues is also supported by recent studies. 16, 18, 30, 38 Thirteen witnessed SCAs occurred in the Fritz-Walter Stadium, Germany (capacity of 46 600 spectators) in a 80-month period, 16 all in males with documented VF. Basic life support was usually provided within 2 min and defibrillation and advanced life support within 4 min. Of the victims, 77% regained spontaneous circulation and 62% survived without neurological deficits. 16 Another recent retrospective analysis of 36 cases of SCA in US High Schools with on-site AED programmes 29 showed a survival benefit for young athletes comparable with adult non-athletes (spectators, coaches, officials) with over 60% of victims surviving.
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The present situation in Europe
The actual availability of AEDs in major soccer arenas in Europe is suboptimal. A recent study from the section of Sports Cardiology, 17 showed inadequacies concerning a written medical action plan (MAP) for delivery of emergency care, availability of AEDs as well as basic 'CPR training' for stadium personnel in a substantial number of (n ¼ 190 examined) European soccer sports arenas. Only 64% of arenas reported having a written MAP, 72% had an external defibrillator available, and 65% had a basic CPR training programme. Even in the 79 arenas where the transportation time to hospital exceeded the critical 5 min, 20 of 79 arenas (25%) did not have an AED available to ensure prompt defibrillation, should an SCA occur. This observation emphasizes the urgency for action to ensure an appropriate level of cardiovascular safety at sports arenas in Europe. Limited recognized standards and/or uniform legislation exist regarding cardiovascular EMS at public mass gatherings in sports events. Most of the articles found in the literature are case reports describing the care at a few large facilities or events. 16, 19 Regarding care to spectators, the National Association of Emergency Medical Services Physicians (NAEMSP) issued a comprehensive document to assist physicians with planning emergency medical care at mass gatherings. 39 The goal was to define minimum standards for delivery of EMS to all mass gathering events. In this check-list a MAP defining the responsibilities of a medical director, number of personnel, medical equipment including AEDs, transportation, and communication, were included. In the USA, an Inter-Association Task Force led by the National Athletic Trainers' Association (NATA) published a consensus statement providing recommendations on emergency preparedness and management of SCA in high school and college athletic programmes. 40 Moreover, AEDs are already recommended in large US health and fitness facilities when the time of access to defibrillation exceeds the critical threshold of 5 min. 41 On the contrary, no recommendations regarding acute cardiovascular care at sports arenas exist at present in Europe. As 67 cases of SCA were observed in the 190 European arenas of the Arena study in one season only, 17 the potential for saving lives with a proper level of cardiovascular arena care is evident.
Scope of the consensus document
The Sports Cardiology section of the European Association of Cardiovascular Prevention and Rehabilitation (EACPR) aims to introduce a position statement regarding minimum standards for emergency cardiovascular care for both spectators and athletes at sports arenas in Europe.
To maximize the survival in case of SCA occurring, the 'chain of survival' must be applied in each specific case at every arena. These recommendations will hopefully be implemented in the planning of mass gathering events in major sports arenas.
The recommendations from this statement primarily target indoor and outdoor sports arenas with a minimum capacity of 1000 spectators, plus major mass-participation sporting events, such as marathons and cycling races, outside of stadiums, in which at least 1000 individuals are gathered at a specific location for a defined period of time, defined as 'a mass gathering event' by the NAEMSP. 39 Several aspects make mass gathering emergency care unique and different from any other standard EMS. Medical personnel may need to navigate large crowds, often without clear landmarks and with frequent barriers to access, which prevents motorized transport being used. Personnel may also be required to work with coincidental multiple casualties, in potentially dangerous environments and occasionally with patients who refuse necessary medical care due to their emotional engagement in the event. Environmental factors (i.e. extreme cold, heat, altitude) can also influence the number of patients that need attention in a short period of time. Additional factors include lack of sufficient resources, prolonged transportation time to hospitals, communication challenges due to distance, and increased risk for acts of terrorism.
These recommendations outline the necessary components to ensure that any patient with a cardiovascular emergency will be taken care of according to the chain of survival. We recognize that mass gathering medical care also will include less acute cardiovascular care and non-cardiac medical care, which is outside the scope of this paper. The recommendations are the result of existing scientific data 27, 30, 33, 42 together with a consensus of expert opinion in the field of sports cardiology.
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Recommendations for cardiovascular arena care
The final common goal for these recommendations is to ensure an organized and timely response to life-threatening cardiovascular events at sports arenas. To achieve this goal, each arena must have a written MAP and a designated medical director to define the specifics for each arena. With wide variation in the size and geographic layout of different arenas, the exact minimum standards for cardiovascular arena safety to achieve the goal of early CPR and defibrillation, such as the number of AEDs and trained responders in CPR, will thus differ between each arena. Adequate equipment and personnel resources to achieve the goal of early CPR and defibrillation should be ensured.
Medical action plan
A well developed and properly executed MAP is essential for effective medical care at any mass sports event. The plan should be in written form, easy to access, reviewed and updated at least annually by all members of an arena medical team. Key components of a MAP are listed in Table 1 , and discussed in detail below.
Medical director
Ideally, a locally licensed physician should be the responsible medical director at a mass gathering sports event. A physician familiar with local medical resources can positively impact decisionmaking in the field, transportation, and triage decisions. The medical director should be: † named and listed in the MAP; † experienced in out of hospital emergency care and familiar with the local EMS system; † involved in the organizing committee for major events taking place at the arena; † responsible for design and implementation of the MAP and medical care at the arena/event; † involved at an early stage in the planning of any new stadiums, to ensure emergency care aspects are included in the building process (transportation ensured, medical rooms, location of defibrillators, other essential practical considerations); † responsible for updating the MAP regularly; † responsible for the continuous training of emergency personnel, including organizing a debriefing meeting for the team, after a resuscitation event; † responsible for organizing a network of locally licensed physicians and/or trained physicians from a nearby hospital, that could also be the Director's deputies, if needed.
During the event the medical director should be: Arena and event specific planning Careful examination of arena specific factors and barriers to care should be made by the medical director and his/her team prior to the event, in order to optimize appropriate treatment should a cardiovascular emergency occur. The analysis should consider: † location and characteristics of the arena (barriers to crowd access, outdoors vs. indoors, entrance, and exit locations for spectators and participants, time to access victims in different parts of the venue, and transportation routes into and out of the arena for emergency vehicles); † type of event and its duration; † expected attendance and weather conditions (warm or cold ambient temperature, precipitation, threat of thunderstorms with lightning); † crowd's probable demographics (age, language, and familiarity with the venue) and mobility; † risk for violence or violent group behaviour; † potential for alcohol and drug use; † distance and predicted transport times for local EMS to the hospital; † regular event planning with the local police and fire-brigade.
Level of care
Basic cardiac life support (BCLS) including AED should be considered the minimum acceptable level of care at any mass gathering event. Every effort should be made to deliver adequate CPR to bridge the gap to defibrillation and to ensure early defibrillation within 5 min from the time of collapse to victims of SCA.
Medical care delivered by non-physicians should follow an accepted set of protocols and standard procedures approved by the medical director and consistent with current CPR and BCLS guidelines. 26 Personnel All personnel should be trained and certified in cardiovascular emergency care. 26 Recognition of SCA is essential. Misinterpretation of certain signs (involuntary myoclonic jerks as seizures) or inaccurate assessment of pulse and respiration may lead to a delay in the chain of survival, 43, 44 including delayed defibrillation.
The MAP should include as many personnel as needed to guarantee a response within 5 min, for life-threatening medical emergencies. The number of spectators, level of risk of the event, and transport times to higher levels of medical care should be considered when deciding the number and level of training of emergency medical care personnel.
The MAP should define the specific roles of each personnel category and in detail define who is the first responder in case of SCA, to minimize the delay from recognition of SCA to resuscitation/ defibrillation.
The arena emergency personnel should be easily identifiable, either by standard uniforms or other identification, to minimize delay for proper emergency care.
Recommendations for personnel include † Presence of at least 1-2 physicians (not including team physicians) per 50 000 spectators is strongly encouraged. 45 On-site physicians should (ideally) be certified in CPR/ACLS. † Presence of at least one nurse per 10 000 spectators to deliver first aid and be ambulatory as an additional first responder to a cardiovascular emergency. † Medical technicians (MTs), primarily utilized as mobile emergency responders, numbering at least 2 per 10 000 spectators. 46 † Other event volunteers utilized in positions throughout the arena for purposes other than direct patient care should be aware of how to alert on-site trained emergency care providers and the EMS system. Ideally at least 50% of non-medical volunteers should be trained in basic CPR and first-aid, in case patient contact is required.
Medical equipment
Proper equipment for ACLS, including AEDs and oxygen, and emergency care medication are required. The number of AEDs should be calculated for each arena, for example, by using the suggested algorithms by Motyka 47 and Crocco. 48 Specifically, the mean response-time for the longest distance needed to be covered in case of SCA, in each sports arena should be measured. The number of AEDs required is then calculated to make possible a 3 min retrieval and response time. 47 In summary, AEDs should be widely distributed throughout the arena or on mobile emergency responders to achieve the goal of first defibrillation within 5 min of a witnessed collapse. Furthermore, the location of the AEDs should be clearly marked, visible, and adequately signed. If necessary, AED battery life should be regularly checked.
Medications for ACLS should be included and consistent with protocols of the local EMS. Also consider the availability of stretchers, wheelchairs, and stair chairs to assist in patient transport. A readiness check of all equipment should occur prior to each event.
Communication An efficient communication system is essential to ensure quick response times. An effective and reliable radio system may be the best choice for all emergency personnel to carry. Mobile or land-line phones also could help if available. For large arenas, an emergency operations centre is recommended as a central command centre to control communications.
The communication system should be tested prior to each event. The MAP should list all relevant phone numbers.
Treatment facilities
Treatment facilities or on-site medical rooms are important for large volumes of patients, as well as in locations with prolonged transport times. The number of rooms needed, will depend on the size and characteristics of the arena.
Treatment facilities should be highly visible, located for best possible access for spectators and marked on a map of the arena included in the official event programme.
Transportation resources
The number and type of transportation resources should be individualized according to internal and external local logistics and the size of the arena, and described in the MAP. Ground ambulances golf charts, and/or modified mini ambulances as well as helicopters could be used. Parking areas should be reserved and all emergency vehicles should be clearly described in the MAP and marked on the map of the arena.
Internal
The time for transporting a patient to the nearest emergency room at the arena should be timed in a full capacity stadium. Safe and relatively unimpeded routes should be created inside the stadium and clearly marked to minimize transport times.
External
The distance and duration for transportation to the nearest emergency hospital with ACLS capability should be timed and stated in the MAP, considering external factors such as traffic congestion. The fastest evacuation routes should be designed in coordination with local EMS authorities.
The exact number of ambulances should be defined in the MAP for each arena/event, but a minimum of one ambulance should be present during the event if .10 000 spectators/competitors are expected ( Table 2) .
Documentation
All emergency care performed in the arena must be documented in a standardized format and records saved, ensuring confidentiality and patient safety. The medical director is responsible for this. Medical forms must include at least basic demographic information, location and time of incident, focused history and physical exam, treatment, and final diagnosis.
Collaboration with the local emergency medical services and nearest hospital It is essential to collaborate with the local EMS system in developing a MAP so on-site emergency responders complement the resources available. This includes the logistics regarding proper medical equipment and transportation to the arena medical room or directly to the hospital, plus where and how the local EMS will take over care from the arena medical staff in specific cases. In general, all critically ill patients and SCA victims should be transported to the hospital, except in special circumstances where the capabilities of the arena medical team are greater or more time-urgent than those at a remote hospital.
In addition, the nearest hospital should be alerted of the event and the expected number of spectators in time to be adequately prepared.
Continuous quality improvement
Proper training of personnel is the responsibility of the medical director and should be stated in the MAP, including certification in basic or ACLS of the arena/event staff.
Training drills of emergency care at different locations inside the arena and practice and review of the MAP should be carried out involving all the emergency personnel and the local EMS at least annually. Emergency incidents should be reviewed, with revision of the MAP as needed. Debriefing of the emergency team after a resuscitation event is equally important.
Importantly, for both referees and coaches it should be mandatory to undergo basic life support training preferably as part of coaching and refereeing courses for diploma in continuous education. During the game (and training) they could be the first responder to an athlete, and should be able to act accordingly in case of suspected or confirmed SCA.
External information
The MAP should be available to referees and visiting teams prior to the event. Different leagues or the sporting bodies (for example, UEFA, FIFA in soccer) may consider organizing and distributing league arena MAPs to all teams. The spectators and public should also be properly informed and updated on the relevant contents of the MAP of the arena, by information boards, match programmes and by the internet.
In conclusion, the inadequacies in basic emergency planning recently observed in major European soccer arenas 17 emphasize the need to ensure an appropriate and equal level of cardiovascular care at all sports arenas. This paper outlines suggested minimum standards for cardiovascular care to assist in the planning of mass gathering sports events across Europe. Ideally, these recommendations will be addressed and implemented by the specific sporting bodies, organizations, and local officials to increase cardiovascular safety at sports arenas. These figures are to be seen as recommendations. As discussed in the consensus document, a specific arena may need a different number of AEDs and personnel, to ensure the chain-of survival in every case of SCA in the arena, within ,5 min.
